IMPORTANCE Appendectomy is the most common abdominal operation performed in pediatric patients in the United States. Studies in adults have suggested that same-day discharge (SDD) after appendectomy is safe and does not result in higher-than-expected hospital readmissions.
A ppendicitis is the most common gastrointestinal disorder in pediatrics that requires an urgent operation. 1 In the United States alone, an estimated 60 000 to 80 000 appendectomies are performed annually in children. 2, 3 Both the overall incidence of appendicitis and the use of laparoscopic surgery for appendicitis have increased in the past decade. 4 The introduction of laparoscopy, although dramatic in prevalence and effect, is only one of a number of changes to the management of acute appendicitis. Additional changes, such as selective administration of postoperative antibiotics, avoidance of nasogastric tubes, and limiting narcotics, have all been implemented to improve patient outcomes and the patient experience with appendectomy. 1, 5, 6 In the adult population, there has been a movement toward same-day discharge (SDD) after several common surgical procedures, including laparoscopic appendectomy for acute, nonperforated appendicitis. 1, 7 Early studies have shown SDD to be a feasible and acceptable pathway in pediatric appendicitis. 6, [8] [9] [10] To our knowledge, this study is the first to address patient-centered outcomes, including 30-day readmission rates and wound complications, for patients discharged on the same day as the surgery.
Methods
The study protocol and use of the American College of Surgeons National Surgical Quality Improvement ProgramPediatric (NSQIP-P) database were reviewed by the institutional review board of the University of Buffalo. The study received exemption from formal review, and the need for patient informed consent was waived.
Data Source
A retrospective review of the NSQIP-P database was performed for January 1, 2012, to December 31, 2015. The NSQIP-P is a multiinstitutional, multispecialty, clinical surgical outcomes database that includes a sampling of cases by most pediatric surgical specialties up to 30 days after a surgical procedure (excluding trauma and transplant cases) in patients younger than 18 years. Data for the NSQIP-P are collected in 8-day cycles for a select group of surgical procedures. These data include preoperative risk factors, Current Procedural Terminology codes for the procedure performed, and clinical data such as 30-day outcomes.
Case Selection
The study population was defined as patients younger than 18 years. Patients were selected for abstraction if they had undergone an appendectomy (Current Procedural Terminology codes 44950, 44960, and 44970) during the study period (January 1, 2012, to December 31, 2015). Patients who were diagnosed with perforated or complicated appendicitis were excluded from analysis. For the purposes of this study, SDD was defined as zero days between date of appendectomy and date of discharge. Patients with SDD were compared with patients discharged within 1 or 2 days of operation (ie, postoperative day 1 or 2). Patients who were discharged on day 3 or later were excluded ( Figure) . 
Statistical Analysis
A retrospective descriptive analysis of the data was performed, and the variables were incorporated into a stepwise forward logistic regression model to calculate the adjusted odds ratio (aOR) and 95% CI for readmission and wound complication rates. Categorical variables were compared using the Pearson χ 2 and Fisher exact test, and continuous variables were compared using the paired, 2-tailed t test. To account for potential confounding, multivariate and univariate logistic regression analyses were performed to identify risk factors for 30-day postoperative readmission and wound complications. All statistical analyses were performed using Stata Data Analysis and Statistical Software, version 11 (StataCorp LLC). For the multivariable modeling, 2-sided P < .05 was considered statistically significant.
Results

Univariate Analysis
A total of 31 650 pediatric patients between age 2 years and 18 years were identified as having undergone an appendectomy during the study period of January 1, 2012, to December 31, 2015.
A total of 8879 patients were excluded for a diagnosis other than acute, nonperforated or uncomplicated appendicitis ( Figure) . An additional 1790 patients were excluded for postoperative length
Key Points
Question Is same-day discharge following an appendectomy for acute, nonperforated appendicitis safe in the pediatric population?
Findings In this cohort study of 22 771 pediatric patients who underwent appendectomy for acute, nonperforated appendicitis, same-day discharge was not associated with an increase in 30-day hospital readmissions compared with discharge 1 or 2 days after surgery.
Meaning With appropriate patient selection, same-day discharge after appendectomy may be safe for pediatric patients and may be a valuable quality metric for the provision of safe and efficient surgical care.
of stay of 3 days or longer. Operative and demographic characteristics of the population are described in , and type of procedure did not differ significantly by discharge timing. Prevalence of diabetes, a comorbidity of interest, did not differ significantly between patients with SDD and patients discharged within 1 or 2 days (0.5% overall; P = .82). Similarly, there did not seem to be a difference in rates of obesity between the groups (30.3% among patients with SDD vs 29.8% among patients with 1-or 2-day discharge; P = .52). There was no observed difference in race/ ethnicity as documented in the NSQIP-P database. Corticosteroid use at the time of operation was reported in 99 patients (0.5%) in the entire original cohort; 9 patients with SDD (0.2%) were receiving corticosteroids compared with 90 patients (0.6%) discharged on day 1 or 2 (P = .002).
Multivariate Analysis
Primary Outcome Thirty-day readmission was found in 468 patients (2.2%); 88 (1.9%) were patients with SDD and 380 (2.3%) were patients with a 1-or 2-day discharge (P = .07) ( Table 2) . When patients discharged after day 2 were included in the model, they were found to have comparable risk profiles, including American Society of Anesthesiologists Physical Status classification, cardiac risk factors, obesity, and diabetes. Type of operation (laparoscopic vs open), cardiac risk factors, presence of diabetes, and body mass index were not associated with a 30-day readmission. In addition, discharge timing was not associated with increased readmission in multivariate analysis after correction for other significant variables (aOR, 0.82; 95% CI, 0.65-1.04; P = .06; Table 3 ). American Society of Anesthesiologists class 3 (severe systemic disease) was associated with an increased risk of readmission (aOR, 1.78; 95% CI, 1.18-2.70; P = .006), whereas female sex appeared to have a protective effect against readmission (aOR, 0.81; 95% CI, 0.68-0.98; P = .03).
Secondary Outcome
Wound complications were reported in 318 patients (1.5%) of all 20 981 eligible patients who underwent appendectomy during the study period, which included 57 (1.2%) in the SDD group ( Table 2 ). In the group discharged on day 1 or 2, there were 261 patients (1.6%) diagnosed with a wound-related complication. The overall incidence of wound complication, however, did not differ significantly between the 2 groups (P = .06). No association was identified between discharge timing and frequency of wound complications. When all SSIs were differentiated from organ-space and deep-space SSI, SDD appeared to confer a protective effect (aOR, 0.52; 95% CI, 0.28-0.95; P = .03) for organ-space SSI and no change in risk of wound complications overall (aOR, 0.75; 95% CI, 0.56-1.01; P = .06). Age of 13 years or older was associated with decreased risk of overall SSI (aOR, 0.61; 95% CI, 0.43-0.87; P = .006 for ages 13-15 years vs aOR, 0.62; 95% CI, 0.39-0.98; P = .04 for ages 16-18 years). Laparoscopic approach (aOR, 0.50; 95% CI, 0.26-0.96; P = .04) was associated with decreased odds of organ-space SSI but no difference overall. Obesity, on the other hand, was associated with increased risk of overall wound complications (aOR, 1.26; 95% CI, 1.00-1.59; P = .05) but no difference in organ-space infection ( Table 4) . Minor cardiac risk factors were associated with increased risk of organ-space infection in multivariate modeling but not overall wound complications (aOR, 7.70; 95% CI, 1.02-58.18; P = .05). Non-white race was associated with a decreased risk in overall wound complications but no difference in organ-space SSI (aOR, 0.76; 95% CI, 0.57-1.00; P = .05).
Discussion
Using a clinically validated, multicenter registry, we found that SDD after appendectomy in pediatric patients appears to be safe and is not associated with an increased rate of 30-day hospital readmission when compared with discharge on postoperative day 1 or 2. To our knowledge, this study is the first to address these quality measures following appendectomy in the pediatric patient. The findings of this study are significant both in describing the patient population and assessing the safety of SDD in pediatric patients. The characteristics of pediatric patients and the demands of the health care system are evolving such that there is a call for enhanced efficiency and safety of the existing system. Same-day discharge after appendectomy has become commonplace in the adult population and is rising in popularity among pediatric surgeons. With an estimated cost of $9000 per appendectomy and an estimated incidence of 1 appendectomy per 1000 pediatric patients in the United States, the Research Original Investigation Hospital Readmission After Same-Day Discharge Following Appendectomy in Children benefits of SDD, assuming equivalent or improved outcomes, may be substantial. 5, 13, 14 The finding of this study-that SDD is not associated with an increased rate of wound complications and 30-day readmissions-is consistent with other recently published studies evaluating SDD pathways for uncomplicated appendicitis in pediatric patients. 1, 9, 13, 15, 16 Both prospective and retrospective studies have described pathways for enhanced patient recovery and evaluation for discharge readiness. These studies show high family satisfaction as well as a significant reduction in postoperative admission and hospital charges of more than $4000 per patient. 10, 13, 15, 17 Patients who were discharged on or after day 3 following surgery were specifically excluded from the study given the presumed differences in underlying patient conditions and factors unrelated to the surgical process that lead to prolonged admission. Regarding the evaluation of discharge timing as an independent variable, this study differs from previous reports on the use of outpatient vs inpatient appendectomy in pediatric patients. Previous studies have compared inpatient and outpatient appendectomy, where outpatient is defined by NSQIP-P as same-day surgery or 23 hours or less for the in-hospital stay before discharge regardless of discharge timing. [6] [7] [8] 10 Similarly, the term ambulatory surgery has been applied to surgical procedures in which the patient may be reasonably expected to go home on the same day and not require an overnight hospital bed. With the increasing cost of health care delivery and constraints imposed on the system, there has been a push, along with bundled payments, for decreased hospital length of stay and heightened emphasis on the use of outpatient surgery. When further defined as SDD, as is done in our study, Scott et al 5 confirmed the comparable rates of readmission and complications for adult patients with SDD compared with inpatients or patients briefly hospitalized at 2% to 7% overall. Patients who were admitted for more than 2 days after surgery (ie, discharged on postoperative day 3 or later) were purposely excluded because they were considered to belong in a different cohort in which comorbidities or other clinical variables were contributing to the increased length of stay. Thirty-day hospital readmission is of particular interest in an evolving, pay-for-performance health care system. Reducing pediatric readmissions has become an area of increased interest to multiple federal agencies, such as Partnership for Patients, which challenged hospitals to reduce pediatric readmission by 20%. [18] [19] [20] In 2012, the costs associated with pediatric readmissions were estimated to be at least $1 billion annually. 21 To comply with federal initiatives to reduce readmission rates, both physicians and administrators must understand the risk factors. In a separate study evaluating risk factors for readmission and targets for performance improvement, longer length of stay, presence of chronic medical conditions, and surgical specialty were associated with increased odds of 30-day readmission for pediatric patients. 22 Many of those factors were not addressed here, but SDD was not associated with increased rate of readmission, which is consistent across patients undergoing open or laparoscopic appendectomy. Of the elements evaluated in this study, only sex was found to be associated with increased risk of 30-day hospital readmission. The most frequently identified reasons for readmission, regardless of discharge timing, were superficial wound complications and factors unrelated to the surgical procedure. In addition to readmission rates, SSIs are another commonly used quality metric for interhospital comparisons with publicly reported results to the Centers for Medicare and Medicaid Services since 2012. 23 The diagnosis of an SSI, however, can vary between institutions and reporting agencies. In one recent publication, an SSI rate of 1.6% was reported for patients with simple appendicitis and increased dramatically for patients with gangrenous and perforated appendicitis, as determined by the surgeons' documentation. 24 In our analysis of the NSQIP-P database, the overall SSI rate was 1.5%, which did not differ significantly by discharge timing. The literature on the influence of obesity on surgical outcomes yields conflicting results. Several adult studies reported higher rates of wound infection in patients with higher body mass index. [25] [26] [27] [28] The correlation between obesity and surgical Research Original Investigation Hospital Readmission After Same-Day Discharge Following Appendectomy in Children outcomes, however, is not well borne out in the pediatric literature. In this study, obesity was not associated with an increased rate of wound complications in the SDD group or among patients discharged within 1 or 2 days after surgery. Similarly, the rate of obesity did not differ between the 2 groups, suggesting that clinicians are no more likely to keep a patient overnight after an operation only on the basis of obesity. In the present study, only 6280 patients (29.9%) were identified as obese. The reported obesity rate in this study is higher than others specifically addressing surgical technique but did not seem to affect outcomes. The NSQIP-P database does not yet differentiate between singleincision endosurgery and laparoscopic appendectomy. 29 When this level of detail is determined, a statistically significant difference in the type of procedure performed and potential associations with discharge timing, readmission rates, and wound complications may become apparent.
Limitations
This study has several limitations, which may influence its generalizability. The cohort we evaluated included outcomes from the NSQIP-P database that consists of selected cases sampled only from participating hospitals and therefore may not necessarily represent a generalizable national estimate. In addition, this study evaluated only patients treated during 3 calendar years for 30-day complications as a convenience sample of NSQIP-P cases.
30
Some patients who were readmitted to a facility other than where their surgical procedure was performed may not be captured, but this factor is minimized by active data collection by NSQIP-P, which includes contacting patients or families to determine 30-day complications, including readmissions, and is not expected to differ by discharge timing. The NSQIP-P database sampling, despite some limitations, is considered to accurately represent the larger pediatric surgical cohort.
31
One major limitation cited in other studies evaluating the influence of obesity on surgical complications is the lack of differentiation between degrees of obesity. Given the number of patients included in this study and use of Centers for Disease Control and Prevention guidelines for the definition of obesity, it was not practical to further differentiate degrees of obesity. The use of the Centers for Disease Control and Prevention definition may also contribute to slight variability in our results compared with other studies evaluating obesity's effect on pediatric surgical outcomes.
Additional variables of interest for future studies include preoperative length of stay, time of surgical procedure (and therefore actual duration of hospitalization on a more granular level), overall cost to the patient and the health care system, time to postoperative visits, and time of day when the procedure was performed. Clinical indicators that are considered to be associated with wound complications and may prompt increased length of stay are not included in the NSQIP-P database. We attempted to exclude patients who were considered to be at higher risk for complication by limiting the study to discharge within 1 or 2 days of operation, but increased data granularity may help further differentiate patients at risk of complications. Despite these limitations, we believe the present study effectively evaluates the risk of wound complications and readmissions for pediatric patients with simple appendicitis who undergo a laparoscopic or open appendectomy and are discharged on the same day as the surgery as opposed to within 1 or 2 days. A major strength of this study is the use of a large database with a sampling of patients from a number of different institutions. Complications in the pediatric population occur infrequently and are better analyzed using large populations, as was done here. Appendicitis and its management are well suited for research in standardization of care and improvements in patient outcomes because of the steadily high prevalence and associated cost to the health care system for adult and pediatric patients.
Conclusions
When applied to the appropriate patients, SDD is a safe alternative to overnight admission after appendectomy in a pediatric patient. Discharge timing, within 1 to 2 days of surgery, does not appear to influence readmission rates and wound complications, and SDD may be an applicable quality metric in pediatric patients undergoing appendectomy for simple appendicitis.
